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1.2 Project	Objectives	The	objectives	required	to	be	met	in	order	to	achieve	this	aim	are	as	follows:	1. Investigate	the	likely	soil	moisture	draw	down	of	mature	cotton	plants	leading	up	to	the	time	of	a	typical	harvest	using	soil-moisture-crop	computer	models	2. Validate	modelled	results	with	dry	down	results	obtained	from	field	trials	and	the	subsequent	resulting	compaction	under	field	conditions	3. Use	modelled	and	observed	results	to	quantify	the	difference	in	compaction	risk	at	the	different	moisture	contents	associated	with	the	two	management	strategies	(conventional	and	proposed)	for	a	number	of	typical	Australian	cotton	regions	4. Evaluate	the	proposed	management	strategy	in	terms	of	practical/meaningful	reduction	of	the	soil	compaction	risk	at	harvest		The	project	specification	can	be	found	in	Appendix	A	 	
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Defossez	and	Richard	2002).	This	resulted	in	the	inclusion	of	a	concentration	factor,	ν,	which	decreases	with	increased	soil	strength.	The	developed	relationship	is	shown	by	Equation	2.2.	The	influence	of	this	concentration	factor	can	be	observed	in	Figure	2.2,	which	shows	the	isobars	of	the	stress	distribution	under	a	load	of	8kN	at	three	stress	concentration	values	of	4,	5	and	6.	
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! = angle	of	adhesion	between	surface	and	water	(cos! ≈ 1)	

























!"! =  0.408∆ !! − ! +  ! 900! + 273  !! !! −  !!∆ +  !(1 + 0.34!!)  	 Equation	2.6	
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!!! = !!×!!!	 Equation	2.7	
where	




























  37 
		








Table 3.1 Oakey Climate Statistics 
Climate	data	 Jan	 Feb	 Mar	 Apr	 May	 Jun	 Jul	 Aug	 Sep	 Oct	 Nov	 Dec	
Av.	Max	Temperature	 30.8	 29.9	 29.7	 25.8	 22.2	 19.0	 18.5	 20.4	 23.9	 26.7	 28.7	 30.3	















Figure 3.2 Layout of individual plot with cotton picker configuration. Dashed lines represent cotton rows and the solid 
lines represent the boundary of the plot. The solid red line represents the center differential furrow where the moisture 
sensors were installed. 	
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Figure 3.3 Trial site layout of experimental blocks and treatment plots. Trial code ‘Nx’ represents trial plots within the 
north block and trial code ‘Sx’ represents trial plots within the southern block. ‘x’ pertains to the treatment and replicate 


















Figure 3.4 (A): Manual defoliation ‘black-out’ by covering up treatments. (B): resulting effects from (A), i.e. 
Undefoliated plots in a defoliated crop 
3.1.3 	Adjusted	Experimental	Design	The	original	experimental	design	was	adjusted	throughout	the	course	of	the	trial	due	to	unavoidable	weather	events,	which	interfered	with	the	trial’s	original	methodology.	On	the	2&3/05/2015,	11-12	days	before	the	cotton	was	harvested	and	4	days	before	the	simulated	irrigation	was	scheduled,	the	site	received	a	rainfall	event	of	145	mm.	This	effected	the	original	experimental	design	as	it	abolished	one	factor	of	the	rainfall	treatment	(i.e.	the	‘no	rainfall’	treatment).	It	was	debated	whether	or	not	to	apply	more	water	on	the	‘rainfall’	treatments.	However,	this	was	dismissed	because	of	the	low	temperatures	that	followed	and	the	consequential	lack	of	crop	evapotranspiration.	Due	to	this,	it	was	postulated	that	there	would	not	be	an	observable	soil	moisture	draw	down	difference	if	additional	water	was	added.	Therefore,	it	was	decided	to	emit	the	‘no	rainfall’	treatment,	which	resulted	in	the	trial	consisting	of	2	treatments	(defoliated	and	undefoliated).	This	resulted	in	doubling	the	number	of	replicates	for	each	treatment	to	4.		 	 	 	 	 	
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Figure 3.5 Adjusted Experimental Design where blue shading represents the non- defoliated treatment, clear shading 
represents the defoliated treatments and line shading represents the buffer zones. Identified by code ‘XY’ where X = N 
for North Block, S for South Block, and Y represents the plot identification within the block. 
 As	mentioned,	the	large	rainfall	event	was	also	associated	with	a	significant	drop	in	daily	average	temperatures,	which	drastically	reduced	the	evapotranspiration	demand	of	the	cotton	crop.	This	reduction	in	temperature	was	quite	unseasonal,	as	displayed	in	Figure 3.6,	which	was	taken	from	SoilWater	App	(USQ		2015),	using	data	from	SILO	Climate	Data	(The	long	paddock)	(Queensland	Government	2015).	As	seen,	during	the	period	between	the	second	defoliation	and	harvest,	average	daily	temperatures	were	significantly	cooler	than	average.	Therefore,	this	may	suggest	that	the	weather	conditions	were	not	representative	of	a	‘typical	season’.	This	inferred	that	the	direction	of	the	dissertation	should	focus	on	the	modelling	aspects	to	assess	the	merit	of	the	proposed	management	strategy	over	a	larger	number	of	seasons	that	were	more	‘typical’.	The	data	was	always	considered	as	a	validation	dataset	for	subsequent	use,	but	the	importance	of	this	was	enhanced.		
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Figure 3.6 Daily average temperatures over the period of defoliation where the dark blue line represents average 
conditions, the light blue lines represent all observations and the red line represents this season’s observed 


























































Figure 3.8 APSIM irrigation entered criteria ; (A) furrow irrigation specific criteria, (B) general irrigation criteria. When	establishing	the	model	parameters	for	end-of-season	management	decisions,	it	was	found	that	APSIM	did	not	provide	a	great	deal	of	flexibility.	Unfortunately,	after	consultation	with	industry	professionals	(D	Johnston	2015,	Pers.	Comm,	18	September),	it	was	found	that	the	OZCOT	module	in	APSIM	was	actually	rather	limited	in	respect	to	the	flexibility	of	management	events	around	the	time	of	crop	maturity	and	harvest.	In	particular,	the	timing	of	defoliation	was	only	dependent	on	the	percentage	of	open	bolls	and	there	was	no	ability	
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!"# =  ±!(!, !, !)× 1!×!"#× 1!! + 1!!!!… . . 	
Equation 8 Where:	
! !, !, ! = Studentized	range	distribution	for	! = ANOVA	significance	level,	! = error	degress	of	freedom,	a	=	number	of	treatments	
!"# = Mean	square	error	









  57 
	 	
























































































































































































  67 
	
Figure 4.10 Images representing how rut depth data was obtained. Where (A) was taken from an untrafficked furrow 
after harvest and (B) was taken from a trafficked furrow after harvest. Bold lines on the backboard are drawn at 10 cm 








































































































































































































0-15	 45.66	 44.04	 1.62	
15-30	 47.03	 45.72	 1.31	
30-60	 45.8	 44.53	 1.27	
Goondiwindi	
0-15	 28.77	 26.53	 2.24	
15-30	 33.85	 32.97	 0.88	
30-60	 35.19	 34.64	 0.55	
Moree	
0-15	 39.76	 37.63	 2.13	
15-30	 42.54	 40.56	 1.98	
30-60	 42.88	 41.53	 1.35	
Warren	
0-15	 33.09	 31.79	 1.3	
15-30	 34.94	 34.18	 0.76	
30-60	 34.38	 33.97	 0.41	
	
















Moree,	NSW	 27	 13.2	 13.9	
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5 Discussion		
5.1 Effect	of	observed	soil	moisture	drawdown	on	compaction	risk	
Different magnitudes of observed soil moisture drawdown were detected across all treatments and depths, 
and thus, a difference in the resulting bulk density was also detected. It was identified that the treatment had 
a direct affect on distribution of moisture removal throughout the profile, with a greater moisture removal 
toward in the top 0–45cm of the soil profile for the undefoliated treatments. Whilst this result did not prove 
to be significant, it identified that given the climatic conditions, the affect of delaying defoliation can result 
in a reduction of soil moisture. In the undefoliated cotton, where soil moisture was lower, the compaction 
risk was decreased, albeit to a small extent, and the resulting observed changes in soil structure were less 
impeded where this occurred. Furthermore, in support of these observed trends, a strong correlation 
(R2=0.82) between soil moisture and resulting bulk density was observed for the 0–45 cm depths after 
traffic. With such a small difference in average moisture content affecting the resulting bulk density after 
traffic, the sensitivity of compaction risk to soil moisture is clearly highlighted, and is also supported by 
previous research (Koolen 1983, Ayers 1987, Soane and van Ouwerkerk 1995). 
The reduction in bulk density in the undefoliated cotton was also supported by a reduction in rut depth on 
average and therefore soil compression. Although rut-depth did not prove to be significantly different 
between treatments, the undefoliated cotton had a rut depth 11% less than that for defoliated cotton. Given 
the strong correlation between soil moisture and bulk density in the 0–45 cm depth, this is a meaningful 
result. Furthermore, the effects of increased rut depth in the defoliated treatments were observed when 
assessing the soil profile structural arrangements. The wetter soil profile (defoliated cotton) prior to traffic 
resulted in a more massive pedology towards the surface, as well as clear platy soil structure in the major 
rooting depth below the massive layer. Platy soil pedology is a clear indicator of soil compaction effects 
within the soil profile (McGarry 1987, McGarry 1990) Furthermore, the depth range of this platy structure 
(0–55cm) was comparable to depth range of the wetter soil profile (0–45cm) in the defoliated treatments. 
This platy structure was not identifiable in the undefoliated treatments, suggesting that the resulting soil 
structure of the proposed management strategy was more ideal than the conventional management strategy. 
Hence, as platy structure was only observed under the traffic furrows, and where defoliated cotton was the 
treatment, it is deduced that this is an artefact of cotton harvest in 2015 using the JD7760 and that there was 
greater risk of compaction effects on subsequent crops in this treatment due to the observed changes in 
pedology.  
Creating a platy soil structure should be avoided at all costs as the effect on growing conditions can be 
highly adverse, whereby soil infiltration can be significantly reduced (Lipiec and Hatano 2003). Occurrence 
of platy structure is a latent effect, and only identifiable where a soil pit has been dug and visual assessment 
is able to be made of the soil profile. As observed, the platy soil structure was identified deeper in the soil 
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profile than conventional tillage would be able to address (~30 cm). Hence, infiltration for subsequent 
rainfall and irrigation events would be expected to be reduced throughout the profile  (Horn and Rostek 
2000, Keller and Arvidsson 2004) although the shrink-swell attributes of Vertosols may provide some 
alleviation (Sarmah, Pillai-McGarry et al. 1996). Efforts to manually remediate the platy layer would 
require deep ripping to at least 60 cm depth. However, the cost of this would likely be greater than the 
benefit, suggesting avoidance of the issue is still the better option. Furthermore, this project did not assess 
the change in soil porosity with increase in bulk density. So, whilst platy structure was observed in the 
defoliated cotton only, results clearly suggest significant compaction in the undefoliated treatment also. 
This was further observed for the undefoliated cotton, albeit to a lesser extent than the defoliated treatment, 
in the soil pit observations. Therefore, whilst compaction risk clearly appears to have been reduced for the 
undefoliated cotton, the extent of reduction does not limit compaction effects (before and after comparison 
of bulk densities within treatments) to occur only within the cultivation depth. This means that compaction 
effects will continue to compound throughout subsequent harvest at this site irrespective of employing the 
delayed defoliation management strategy. 
5.1.1 Extent	of	traffic	impact	within	the	soil	profile	
Whilst compaction risk was reduced to a small extent due to the delaying of defoliation as a moisture 
drawdown and subsequent compaction management strategy, the extent of compaction impact within the 
soil profile was comparable. The JD7760 is a new innovation in the cotton industry that has been rapidly 
adopted with > 80% of the Australian cotton crop picked using this machine, and the capacity to pick 
>100% of the Australian crop with current machine numbers in Australia (Bennett et al. 2015). From the 
observed bulk densities before and after traffic, it is seen that there is a significant effect to 80 cm depth. 
The flow on affect of such deep compaction results in impeded water infiltration through the profile and 
increased soil strength which limits root growth depending on the extent of effect (Antille, Bennett et al. In 
Press). Furthermore, the extent of this impact is much greater than the extent of an achievable cultivation 
depth. In such a case the associated energy costs would exceed the potential benefit considering the 
machine would be expected to have this impact in each season it is used. As previously mentioned, the 
shrink-swell nature of Vertosol soils allows for some natural remediation, however this has been identified 
to only occur after repeated wet-dry cycles and is only significant in the surface layers (Sarmah, Pillai-
McGarry et al. 1996). The inability to remediate compaction at depth therefore results in a compounding 
effect with multiple traffic passes in subsequent seasons, thus it is likely that a rising compaction layer will 
be observed (Bennett, Antille et al. 2015)  
The cone penetration and shear strength results also indicate an increase in soil strength and therefore 
compaction at depth, which supports the bulk density data. An interesting observation of the penetration 
data revealed repeated regions of low soil strength directly under trafficked furrows at 70cm depth. Soil 
penetration resistance is known to be highly sensitive to changes in soil moisture (Lapen, Topp et al. 2004). 
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However, a zone of low soil strength under wheel traffic is counter intuitive as compaction results in 
consolidation of soil solid phase materials. The soil was trafficked at a very high moisture content, but had 
not reached the liquid limit, which is facilitated by the high moisture holding capacity of 2:1 clays where 
water enters the interlayer spacing of clay platelets (Probert, Fergus et al. 1987, Dudal and Eswaran 1988). 
In the case of these low soil strength regions occurring under traffic, it is suggested this is an artefact of 
JD7760 loading (~450–600 kPa) resulting in vertical drainage of soil pore moisture from the upper regions. 
The stress induced by the machine traffic was great enough to achieve increased soil strength as a clear 
artefact of machine traffic, so hydraulic drainage is conceivable. However, there is not enough evidence to 
directly conclude that this is the process causing these low penetration zones.    
The magnitude of the stress imposed on the soil profile by the JD7760 resulted in clear increases in soil 
bulk density that were comparable for defoliated and undefoliated cotton, without any correlation between 
density and moisture within the 45–80 cm depth. The only reduction in compaction risk due to the proposed 
management method occurred in the 0–45 cm depth, thus suggesting that the proposed management 
strategy is only useful for lighter machines where subsoil compaction below the major rooting depth of 
cotton is unlikely to occur. However, given the extreme improvement of in-field efficiency afforded by the 
JD7760 (Bennett, Woodhouse et al. 2015), return to lighter machines is very unlikely without subsequent 
innovation of these to provide the same, or better, in-field efficiency. Hence, this is unlikely to be a useful 
strategy for heavy machines such as the JD7760, but might become a more useful strategy with further 
machine innovation (e.g. multiple, light, and small autonomous vehicles; Bates 2015). 
5.2 Validation	of	APSIM	to	observed	moisture	drawdown	
It must be noted that adverse weather conditions were experienced throughout the experimental field trial, 
which were untypical of a standard harvest. These conditions resulted in significantly reduced crop 
evapotranspiration rates; thus potentially masking the full significance of the proposed management 
strategy. Given that even in such conditions, a reduction in bulk density in the undefoliated treatments was 
detectable and highly correlated to soil moisture, further investigation under typical conditions is warranted. 
In order to achieve this, a modelling approach was thus developed to simulate the affects of the proposed 
management strategy over time, based on regional historic climatic data. This approach, whilst not 
validated in terms of compaction occurring, provides an indication of the range of achievable moisture 
drawdown under true, typical climatic conditions for the regions. APSIM is a highly validated model for 
crop growth under climatic conditions, and as such provides a means to mathematically interrogate the 
expected drawdown range given the climatic conditions under wet harvests where the proposed strategy 
would be employed. Using the observed data as a validation data set for APSIM, the observed and 
predicted results were compared for the Aubigny, QLD field trial. The validation provided a reasonable fit 
between the observed sensor data and predicted data simulated by APSIM as seen in Figure 4.14. Better 
correlations were observed in the upper soil layers (R2=0.82 for 0-15cm, R2=0.69 for 15-30cm, R2=0.53 for 
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30-60cm), although these correlations suggest that APSIM will provide a moderate to strong confidence in 
prediction. This is sufficient to understand the range and extent of effect that the soil moisture drawdown 
strategy may have on soil compaction risk. 
 
5.3 Management	strategy	potential	effect	for	wider	cotton	industry	
The results obtained from the modelling exercise were used to evaluate the affect of delayed defoliation on 
the soil moisture drawdown and thus compaction risk for the wider cotton industry. The use of real historic 
data provided a true sense of the range of temperatures that a crop would have been subjected to, towards 
the mature end of the growing season in wetter years. The model was established such that the proposed 
strategy was simulated in seasons where weather conditions had caused a large compaction risk at cotton 
harvest. The modelled data proved a significant reduction in soil moisture for the proposed strategy over all 
locations, however the magnitude of this drawdown was minimal, and was comparable to the results 
obtained from the field trial at Aubigny. This suggested that perhaps in these wetter years, the weather 
system that had caused the significant increase in soil moisture also resulted in reduced average daily 
temperatures and radiation, which are known to have a direct link to the plant evapotranspiration demand 
(Allen, Pereira et al. 1998). Much like the conclusions drawn from the field data, the modelled data 
suggests while although a significant reduction in soil moisture can be obtained by delaying defoliation, the 
extent of this reduction is minimal.  
Cotton is known to be quite a demanding plant in terms of its water requirements during the growing 
season (total water required: 700 – 1300mm; FAO 2015) and thus small reductions in soil moisture under 
an active plant would not be expected. This lack of total soil moisture drawdown under the cotton crop 
however may be described when evaluating crop water use towards the mature end of the growing season. 
It is known that the crop water use varies significantly during the season, due to the combined effect 
between climatic conditions and plant maturity. Changes in crop height, albedo, aerodynamic properties 
and leaf and stomata throughout the growing season all have an affect on crop evapotranspiration and 
therefore soil moisture drawdown (Allen, Pereira et al. 1998).  Browne (1984) presented an idealized 
description of the variation in cotton water requirements throughout the growing season at Narrabri, NSW, 
as displayed in Figure 5.1 Idealized crop water use during the duration of the growing season at Narrabri, 
NSW. (Browne 1984). It can be seen that crop water requirements are significantly reduced towards the end 
of the growing season as harvest approaches. This limits the potential for rapid soil moisture removal from 
the profile. Although rapid moisture removal might not be achieved, it must be noted that the plant is still 
actively transpiring and removing moisture from the profile, albeit to a lower extent. Using the idealized 
moisture extraction of ~4 mm/day for the cotton plant immediately prior to harvest, it could be expected 
that a total of 56 mm of soil moisture is removed throughout the effective rooting depth over the 14 day 
delayed defoliation period. Based on the observed results at Aubigny 14 mm of moisture were used in the 
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observed 14 day period, which is substantially less than the expected 56 mm (0.56 Ml/ha). It is suggested 




Figure 5.1 Idealized crop water use during the duration of the growing season at Narrabri, NSW. (Browne 
1984) 
The modelled soil deformation results obtained further demonstrated that small decreases in soil moisture 
have a large effect on the resulting bulk density. However, limitations were found within the SoilFlex 
model, but these were overcome by adjusting the modelling approach. The modelled reductions in soil 
moisture as a result of the proposed management strategy across all locations   substantially reduced the 
resulting bulk density occurring from simulated JD7760r traffic. In the upper soil moisture regions of the 
model, a reduction of 2% gravimetric moisture content resulted in an approximate reduction of 4.5% in 
bulk density at all depths. This is substantial reduction in soil bulk density with only a small change in soil 
moisture (Keller and Arvidsson 2004, Bennett, Woodhouse et al. 2015, Antille, Bennett et al. In Press) 
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hence, achieving a small soil moisture drawdown would be expected to result in a meaningful compaction 





It is evident that the proposed management strategy of postponing defoliation at times where field moisture 
conditions impose a large soil compaction risk is effective in reducing soil moisture and the associated risk. 
This is supported by both the field observations and the results obtained from the modelling exercise. 
However, although a reduction in soil moisture, and thus compaction risk was identified, the extent of this 
was relatively small. Furthermore, both observed and predicted results demonstrate that compaction is 
expected well below the feasible cultivation depth. This suggests that the proposed management strategy is 
not overly effective in significantly reducing the soil compaction risk at cotton harvest when considering 
systems with heavy machinery. This is likely due to a combination of effects between reduced plant water 
requirements towards the end of the season (due to plant maturity), climatic conditions associated with 
increasing soil moisture towards the end of season (i.e. rainfall events causing more cloud cover and less 
evaporation), and the magnitude of the wheel load. Recent irrigation management trends observed within 
the industry suggest that growers generally irrigate right up to defoliation to drive yield, which means that 
there is stored moisture in the profile come harvest traffic. It is possible that the proposed delayed-
defoliation strategy could have more impact in wet years where the soil profile was dried down 
substantially prior to defoliation. Furthermore, as lighter harvesting innovations are realized, this strategy 
could be revisited. 
With such rapid adoption of the JD770, large concerns exist within industry as the full impact of the new 
machines isn’t completely understood and there is a significant lack of effective soil compaction 
management strategies for these heavy machines (Bennett et al. 2015; Antille et al In Press). Therefore, it is 
just as crucial to identify which strategies are and aren’t effective in reducing the compaction risk 
associated with the current cotton harvest system. Identifying strategies that don’t work avoids growers 
causing significant degradation in their soil resource where they may be of the opinion (incorrectly) that 
compaction is being managed.  
Although the proposed strategy was not found to have an extended affect on the resulting bulk density after 
traffic, the sensitivity of rut depth to soil moisture at the upper end of the soil moisture range was identified 
to be quite large. This suggested that small decreases in soil moisture result in a large decrease in the rut 
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depth associated with traffic. Hence, achieving floatation, as opposed to significant reduction in 
compaction, might be a useful outcome of this work for growers. Whilst postponing defoliation does not 
appear to greatly reduce the resulting bulk density, there is good evidence from both the field investigations 
and the modelling approach suggesting floatation is increased substantially with small decreases in soil 
moisture. Whilst flotation does not reduce compaction per se it reduces energy use (enhanced tration), 
reduces requirement for reforming of ruts and decreses smearing shut macropores responsible for the 
majority of water infiltration. Hence cotton growers must weigh up whether the penalties of rut formation 
and lost energy at wet harvests that are offset by managing for flotation using a delayed-defoliation strategy 





This study investigated a novel approach to soil compaction risk reduction, whereby defoliation of a cotton 
was delayed in high risk weather conditions to reduce the soil compaction risk at harvest via moisture 
drawdown from cotton transpiring. The conclusions drawn from the study indicated that the proposed 
management strategy of delayed defoliation was effective in reducing soil moisture and thus the resulting 
soil compaction risk at cotton harvest.  Although the extent to which the crop was able to dry down the soil 
profile towards the mature states of the growing season was limited, the study found that changes in the 
resulting compaction was detectable with small differences in soil moisture. These conclusions were 
supported by the data obtained from the field investigations as well as the historic data that was obtained 
from the modelling exercise. However, as demonstrated for modelled and field data, the benefit of the 
strategy was only a minor decrease in resultant bulk density, which may not outweigh potential costs in 
yield parameters (if theses exist); yield parameters were not tested within the project scope. Furthermore, 
compaction from heavy machinery such as the JD7760 was shown to have compaction effect well beyond 
the feasible cultivation depth to a depth of 80 cm, irrespective of treatment strategy. Hence, with the 
predominant treatment effects of moisture drawdown and reduced compaction risk only operating within 
the 0–45 cm range, this strategy would not mitigate against long-term risks of heavy machinery. 
The small differences in field moisture due to delaying defoliation provided significant impact in the 
resulting rut depths, suggesting that a greater degree of machine floatation can be achieved with only a 
small reduction in field moisture; although the effects of compaction are still evident in such conditions. 
Importantly, however, the energy required for traffic (i.e. reduced wheel slippage) and land reforming for 
subsequent seasons is reduced by achieving flotation. Hence, it is deduced that delaying defoliation is a 
management strategy that can provide a small offset in compaction risk, but supplies an important benefit 
of achieving flotation. Once again, growers will need to weigh the costs of this practice against the benefits. 
Future work may include extending the field investigation to different locations within the cotton industry 
to further validate the developed APSIM model and subsequent use of SoilFlex for modelling soil 
mechanistic dynamics. SoilFlex was shown to have limitation for Vertosol soils and will require calibration 
to this soil order if absolute data is required in place of relative differences.  
It would be highly beneficial to industry if a software package was developed that could accurately predict 
the compaction risk associated with the timing of traffic, that operates on a soil profile with both moisture 
content and bulk density initial gradients with depth, rather than an isotropic medium. This would allow 
growers to better manage soil compaction in their operation. 	  
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8 Appendices	
8.1 Appendix	A	
University of Southern Queensland 
FACULTY OF HEALTH, ENGINEERING AND SCIENCES 
ENG4111 and ENG4112 Research Project 
Project Specification 
For:   Mr Stirling Roberton  
Topic:  Managing field moisture to reduce soil compaction risk at cotton harvest 
Supervisors:  Dr John Mclean Bennett 
Project Aim:  This project aims to investigate a novel approach whereby defoliation of 
the cotton crop is delayed in high-risk weather predictions to allow the 
crop to dry down soil profiles more rapidly thereby mitigating potential 
detrimental compaction effects of harvesting operations by decreasing soil 
plasticity.  
Sponsorship: National Centre for Engineering in Agriculture (NCEA) project 1004960 
Programme:  1. Research	background	information	relating	to	compaction	within	the	cotton	system,	soil-moisture-compaction	relationships	and	the	drawdown	of	soil-moisture	from	mature	cotton	plants	2. Establish	field	trials	to	simulate	the	proposed	management	strategy,	(i.e.	manually	wetting	up	soil	profiles	to	simulate	a	high-risk	rainfall	event)	3. Measure	the	soil-water	drawdown	over	time	and	compare	observed	results	with	results	obtained	from	soil-moisture	computer	models	4. Traffic	soil	and	complete	a	number	of	investigations	in	order	to	quantify	the	resulting	compaction	5. Model	expected	moisture	draw	down	and	use	this	to	parameterise	soil	dynamics	models	for	prediction	of	machine	impact	in	soils	with	and	without	defoliation.	Validate	this	against	empirical	data	6. Evaluate	to	what	extent	the	proposed	management	strategy	can	reduce	compaction	risk		7. Submit	an	academic	research	dissertation	on	the	research		
AGREED  _____________________ (student)     _____________________ (supervisor) 
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8.3 Appendix	C:	Soil	profile	shear	resistance	contour	plots	
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